Prices of agricultural products fluctuate depending upon several factors. In Turkey, potatoes are one of the main products for which price fluctuations are observed. This study was undertaken to determine the effect of the fluctuation in potato prices on producer incomes in Turkey. The Neyman Method was used to determine the sample size. The number of enterprises required to achieve a representative sample size was determined to be 56, with a 5% error margin and a 95% reliability limit. The way in which the potato cultivation area is affected by price was examined. The Koyck model was utilized for this purpose. By using Koyck analysis, average lag time was calculated to be approximately 1 year. This result indicates that the fluctuation in potato prices has quite a rapid effect on production. It was determined that producer income varies greatly depending on annual potato prices. The difference between estimated potato price and the actual price for the year 2012 resulted in an income loss of 11,198.6 $/ha. Some sustainable efforts such as production planning can be recommended to prevent these price fluctuations.
Introduction
Price fluctuations observed in agricultural products constitute one of the most important aspects of the agricultural economy. Major changes in agricultural product prices from year to year affect product supply and producers' decisions about production (Cetin and Esengun, 2013) .
In terms of agricultural product prices the effect of producers, and accordingly costs, are fairly limited in comparison with their effects in the industrial sector. Producers usually have to accept established prices as fact. This is because the price of an agricultural product for a given year is not determined by the costs incurred during that year, but by the total supply and demand for the product over the year. In addition, since the supply of agricultural products cannot be altered in the short term, demand is more determinative of price (Sarkar, 1992; Erdal and Erdal, 2008; Mulazzani and Camanzi, 2011; Ceyhan et al., 2012; Bor et al., 2014) .
On the other hand, by its very nature, agricultural production is greatly affected by climatic conditions and the impact of pests and diseases, both of which lead to fluctuations in product supply. Accordingly, while prices are low in years with a high yield, in years where there is a low yield prices are much higher (Sarkar, 1992; Caliskan et al., 2010) . In addition to all of these factors, Turkish producers are unable to conduct proper production planning and establish effective marketing organizations due to their low level of education. Production is mostly undertaken in a traditional manner and the small scale of the enterprises involved also increases price uncertainties (Erdal and Erdal, 2008) .
Fluctuations in agricultural product prices may be explained in several ways. First, there are the fluctuations that occur because agricultural production and yields are influenced by growing conditions. This results in lower prices in years with a high yield and higher prices in years with a low yield and is referred to as "King's Law". The second type includes periodic price fluctuations that result from the supply of an agricultural product being the function of the market price for that product in the preceding year (Ezekiel, 1938) . As one can see, various factors can result in price fluctuations for agricultural products. In times of high inflation these fluctuations can be more extreme. In such cases, it becomes harder for economic decision-making units to make healthy decisions and follow consistent policies (Ezekiel, 1938; Demirtas and Erkan, 2002; Andersen, 2013; Gouel, 2013) .
Plants that that are of high quality and have a high yield per unit area (Ceyhan and Kahraman, 2013) , have a high nutritional value (Kahraman et al., 2015) , a wide range of uses, are easily digestible and cultivable under all kinds of climatic conditions (Ceyhan et al., 2013) constitute a global food source. Therefore, potatoes are produced and consumed in almost every country in the world (Gul and Tan, 2003; Tuncturk et al., 2007) . The potato is an important agricultural product, particularly in developing countries, due to its ability to enhance farm income, increase food consumption and create employment in rural areas (Scott et al., 2000; Wang and Zhang, 2010) . However, the stability of potato prices is a global problem (Bielza et al., 2007) .
Potatoes are products that exhibit serious price fluctuations both in Turkey and among developing countries. The fluctuation of potato prices is in line with the cobweb theory. In other words, producers make production decisions based on prices from the previous year (Ezekiel, 1938; Dagdemir and Birinci, 1999; Birinci and Kucuk, 2006; Eraktan, 2011; Palabiyik, 2011; Rehber, 2012; Karsan and Gul, 2017) . Many studies have been conducted on fluctuations in agricultural product prices. Different econometric models have been used in these studies to investigate the price fluctuation in agricultural products. For example, Yurdakul (1998) , Bayaner et al. (1999) , Dikmen (2005) , Erdal (2006) , Ozcelik and Ozer (2006) Jiang and Wang (2013) use a dynamic correlation model. However, studies on the effects of price fluctuations on producer income are rather limited.
In the study area, the city of Nevsehir, potatoes are important in terms of production potential. For this reason, it is considered very important to examine the effect of potato price fluctuation on producer income.
The purpose of the present study is to describe the socio-economic structure of potato producers in the study area and to determine the effect of fluctuations in potato prices on producer income.
Potatoes are a very common product, cultivated in 156 countries around the world. According to 2012 data, a total of 368 million tons of potatoes were produced in an area totaling 19.3 million hectares. The average global potato yield is 19,066 kg/ha (FAOSTAT, 2013) . According to 2012 data, Turkey's total potato cultivation area is 172,000 ha, producing 4.8 million tons and with a yield of 28,038 kg/ha (TSI, 2013) . Turkey provides 1.3% of the world potato production. Although potato yield in Turkey is above the world average, it is still lower than many European countries such as Germany and the Netherlands. Annual potato consumption in Turkey is 50 kg per capita. Despite the fact that this is above the world average of 33 kg per capita, it is much lower than the European average of 86 kg per capita (FAOSTAT, 2014) .
Although potatoes were only introduced to Turkey 200 years ago, they are now cultivated by 200,000 farmers and in most areas of the country. However, commercial production is mainly focused on the cities of Nevsehir, Nigde and Izmir (Akinerdem and Ozturk, 2011) . Nevsehir and Nigde account for 23% of the total production in the country (TSI, 2013) . In 2012, the potato cultivation area in Nevsehir (the study area) was 9,325 hectares. This constitutes 5.4% of the total potato cultivation area in Turkey (TSI, 2013).
Turkey's potato cultivation area, production and yield figures from 2002 to 2013 are given in Table 1 . Potato production decreased in 2012 and started to increase once again in 2013. The main reason for this fluctuation in production was the price instability experienced both internationally and at a domestic level. Depending on the characteristics of the sector, agricultural markets usually feature competition that differs from that observed in other markets (Gouel, 2013) . Agricultural production is carried out in small and medium scale enterprises where private ownership and individual enterprise are prevalent. In addition, it is known that agricultural prices are established in markets where free competition applies, production cannot be controlled and agricultural product prices are highly sensitive and variable (Ezekiel, 1938; Kip, 1975) .
Agricultural product prices in Turkey are generally unstable. After 1987, however, agricultural product prices started to fall in real terms (Gul and Ozdes, 1997; Demirtas and Erkan, 2002) .
Fluctuation in agricultural product prices is one of the factors that threatens economic stability (Azzam and Rettab, 2012) . Price fluctuations do not only affect producers and consumers but they also compromise food safety (Gouel, 2013; Serra and Gil, 2013) .
Material and Methods
The primary data for the research (based on the year 2012) were obtained by questionnaire from a representative sample of farms in the region. Fertilizer, seed, pesticide, labor, fuel and other inputs for potato production, as well as selling prices were obtained using information from the survey. Using this data, the net profit (Gross Product Value -Production Cost), gross profit (Gross Product Value -Variable Cost), production cost, variable cost, and gross production value (production value × price) were calculated. Production cost is equal to the sum of the stable and variable costs. In addition to the data from the questionnaire, the results of previous studies and statistical data from different organizations were also utilized. Secondary data were obtained for the years 2002 -2012 in relation to the use of cultivation areas, production quantity, yield, and potato price.
Data for the present study were obtained from the Taskinpasa, Sahinefendi, Mazi, Cemil, Ayvali, Sofular, Basdere and Yesiloz districts of Nevsehir city. The total population for the study comprised all agricultural enterprises operating in the areas where potato cultivation is carried out in these districts (a total of 2,254 enterprises). The Neyman method, alongside stratified sampling methods, was used to determine the sample size (Yamane, 1967) .
With a 5% error margin and a 95% reliability limit, the number of enterprises required to achieve a representative sample of the population was determined to be 56. Enterprises were examined in three categories according to the size of their cultivation area (enterprises that own less than 5 hectares, between 5 and 10 hectares, and more than 10 hectares of cultivation area).
Projection analysis was carried out for the purpose of identifying the effect of the fluctuation in potato prices on producer incomes. Projection analysis was used to estimate future prices by using the Quadratic Trend Model. This model is formulated as follows:
Where Y: price and t: time (Tari, 2002) . The relationship between the prices of agricultural products and the areas where the products are cultivated is dynamic, and the behavioral changes between these two variables need to be examined within a specific period of time. In order to examine the relationship, models where the lagged values of the independent variable are explanatory variables are utilized.
There are studies asserting that distributed lag models can be solved using the Least Squares Method (Alt, 1942; Tinbergen, 1949) . However, the problem of multicollinearity between the lagged values of the independent variables is not taken into consideration. Some models have been developed to resolve these difficulties in distributed lag models (Koyck, 1954; Nervole, 1956; Cagan, 1956; Almon, 1965) .
The aim of the present study was to examine the way in which the potato cultivation area is affected by prices. The Koyck model was utilized for this purpose. The Koyck model seeks to explain changes in the production of a product in terms of the lagged prices for that product (Koyck, 1954) . This model is one of the most distributed lag models used in applied studies (Koutsoyiannis, 1989) .
Initial model:
Koyck's distributed lag model, presumes that lag coefficients decrease in line with a geometric progression. According to Koyck's geometric lag presumption, the value of explanatory variables in the period t-1 has a greater effect on the dependent variable than that in the period t-2 and later periods (Dikmen, 2005) . b1=λb0, b2=λ 2 b0 , b3=λ 3 b0……bi=λ i b0 0 < λ < 1
Substituting these expressions into the initial model yields:
Regression analysis cannot be used in this model. Coefficients are non-linear. Therefore, Koyck developed the following model: In this way, the lagged values of the explanatory variable have been removed. In addition, the absence of the lagged values of the explanatory variable in the model also resolved the problem of multicollinearity. This equation (7) 
In the Koyck model, parameters adhere to λ and b 0 . λ gets a value between 0 and 1, which is bigger if the effect of lagged variables on the dependent variable is close to 1 and smaller if the effect is close to 0 towards the distant past (Dikmen, 2005) . Average lag time (9), on the other hand, is calculated by using λ and explains the time needed for the changes in the independent variable to have a perceivable effect on the dependent variable (Gujarati, 1999) .
Schwartz's criterion was used to determine the degree in the lags (Greene, 2003) .
The Koyck model represents the relationship between price and production. In this model, production is a dependent (descriptor) variable and explains how it is affected by change in prices. Earlier related studies have used the dependent variable for production (Yurdakul, 1998; Bayaner et al., 1999; Dikmen, 2005; Erdal, 2006; Ozcelik and Ozer, 2006) . Nevertheless, technological changes in the production of agricultural products have an effect on yield. Changes in production quantities may be affected by a combination of technology, price and public politics. Cultivation areas are specified as dependent (explained) variables so that the effect of price on production quantity, and also on producer decisions, can be observed.
Hence, natural factors are normally uncontrolled, but factors that affect the yield can be partially controlled (Cinemre, 2002) . Previous studies in related subjects have also reported similar results, and cultivation area was used as a dependent (explained) variable (Isyar, 1975; Kiziloglu, 1997) .
Results
In the study area where potato cultivation is carried out intensively, average enterprise land size is 16.56 ha, which is much higher than the 6 ha Turkey average. Potatoes are cultivated on 62.69% of the total farmland for the enterprises studied, while 25.88% of the land is used for cultivating wheat, 4.45% for pumpkin seeds, 3.70% for chickpeas, 2.75% for oats and 0.53% for beans (Figure 1 ). Due to the prevalence of potato production by the enterprises studied, most of the farmland is irrigated. While 66.56% of the total farmland for the enterprises studied is irrigated land, 33.44% is used for dry farming. Products other than wheat and pumpkin seeds are mostly produced to meet the enterprises' own needs.
While 13% of potato production in Turkey is used to obtain seed, 16% is consumed by the enterprises producing it, 3% is used for feeding animals and the remaining 68% is supplied to the market (Palabiyik, 2011) .
Producers in the study area obtain 92.45% of the gross production value (GPV) from vegetative production, while 7.55% is obtained from animal production activities.
Potatoes have the largest proportion (80.01%) of the total GPV for the enterprises examined in the study area. Potatoes are followed by wheat and pumpkin seeds with respective proportions of 17.24% and 2.06% (Figure 2) . 2012 potato production data and profitability figures for the enterprises studied are given in Table 2 . Potatoes constitute the most important source of income for these enterprises. For this reason, profitability calculations made on the basis of potatoes are largely representative of the enterprises. Calculations showed that producer gross profit and net profit for 2012 were negative. This was mainly due to the fact that producers decided to increase supply on the basis of the previous year's prices which they considered to be satisfactory. The supply turned out to be higher than the available demand from the market and thereby led to reduced prices in 2012 (Table 1, Table  3 ). Figure 3 ). The real price index for potatoes was calculated by using the consumer prices index. A projection was made for the real price index, and an estimation was made for potato prices.
For the purposes of this study, the effect of potato price fluctuations on the producer income in the region was determined. The normal progression of prices was identified using projection analysis. In this case, the estimated potato price for the year 2012 was calculated to be 0.33 $ ( By using the projected 2012 potato prices obtained from the projection analysis, the gross and net profit levels for the enterprises were calculated again (Table 4) . It was determined that GPV increased by approximately 3 times. Accordingly, producers' Gross Profit and Net Profit were calculated to be 10,647.6 $/ha and 9,863.3 $/ha, respectively. It is understood that producer income varies greatly depending on annual fluctuations in potato prices. The difference between the estimated potato price and the actual price in 2012 was determined to have resulted in an income loss of 11,198.6 $/ha for producers.
Potato producers' income losses due to price fluctuations could be prevented with the use of production planning. Studies show that prices are more stable when proper production planning is carried out (Garcia-Salazar et al., 2013) .
Koyck Model Results
Knowing the time needed for fluctuations in agricultural product prices to affect producer decisions is important in terms of planning and policy development. As a matter of fact, price variation for potatoes (in 2012) did affect producer decisions in the following production period (2013) and the cultivation area decreased. The Koyck model was used to analyze the effects of price on production quantity. There are many studies examining the effects of price fluctuations on production quantities. Altundag and Gunes (1991) examined the relationship between potato and onion production and prices using the cobweb model, and reported that the time taken for price fluctuations in onions and potatoes to effect producer decisions were 2.6 years and 3.3 years respectively. Ozcelik and Ozer (2006) studied the relationship between wheat prices and production in Turkey using the Koyck model. The authors determined the lag coefficient to be 3 and the average lag time to be 0.83 years. Dikmen (2005) on the other hand used tobacco data in a study which compared the Koyck and Almon models. While the lag coefficient in tobacco production was determined to be 3, the average lag time was reported as 0.67 years.
In the present study, the effects of potato price fluctuations on production were examined taking into account cultivation area. Results of the Koyck analysis undertaken are given below.
In order to estimate the Koyck model, lag coefficients for the independent variables have to be determined. In order to determine lag coefficient, Schwartz's criterion was used and the lag coefficient was calculated to be 1. The explanatory power of the Koyck model was 80% with a 1% significance level. Additionally, the effect of explanatory variables on the dependent variable was also statistically significant. Therefore, the PTPR -explanatory variable for potato prices and the PTQ -explanatory variable for potato production were also significant (P<0.01).
In the model estimated for Koyck, a lagged value for potato cultivation area was included in the model as an independent variable. According to the results obtained, the parameter of the lagged potato production variable was calculated to be 0.514, which is equal to the "λ" value used for obtaining the parameters of the Koyck model. This value is also used to determine the average lag time (ALT).
ALT= λ / (1-λ) = 0.514 / (1-0.514) = 1.06 years (11) Average lag time was calculated to be approximately 1 year. This value indicates that the fluctuation in potato prices has a rather rapid effect on production. As a matter of fact, in 2012, potato prices fell to 0.05 $ and in the following 2013 production period the potato cultivation area was reduced from 172,000 ha to 125,000 ha. In other words, the price reduction experienced in 2012 affected the total area cultivated in 2013. Products that have a low average lag time are generally produced in response to the market. In the face of changes in price, such products react in the short term through changes in cultivation area.
The Koyck model is calculated using the following equation:
PTQ=121.614 -146.988 PTPR -75.551 PTPRt-1 (12)
The coefficient of PTPR is calculated by the least square method and the number "10" shows the equity. The calculation of the PTPR t-1 coefficient is given below: In the Koyck model, the impact of lagged prices on production persists but with decreasing effect. The change in potato prices observed two years ago affects potato production in the current year less than the changes in prices in the previous year. This effect decreases as the lag number increases.
Discussion
The price of agricultural products is affected by several factors. In Turkey, potatoes exhibit a high level of price fluctuation compared to other agricultural products. The production area for potatoes is established on the basis of the previous year's prices and considerable differences are observed in the area under potato cultivation from year to year. This situation affects potato supply and leads to price fluctuations. By using the Koyck analysis in the present study, the average lag time was calculated to be approximately 1 year. This result indicates that the fluctuation in potato prices has a rather rapid effect on production.
It was determined that producer income varies depending on the annual fluctuation in potato prices. The difference between the estimated potato price and the actual price in 2012 led to a producer income loss of 11,198.6 $/ha.
Conditions in Turkey mean that the long term storage of potatoes is not feasible. In addition, potato processing and consumption habits for the products obtained from potato processing are not very widespread. Substantial proportions (91.08%) of potatoes are consumed as a final consumption commodity by households in Turkey (TSI, 2014) . This consumption behavior and the storage characteristics of potatoes have led to a lack of demand, reflected in a rather rapid way by prices since demand is the determinative factor for establishing agricultural product prices.
It is essential to take steps that are focused on planning potato production in Turkey. Establishing producer unions should ensure that producers act in unison. In this way, producers may have a greater competitive advantage under free market conditions. Raising producers' awareness about prices is another way to prevent price fluctuations.
All of the agricultural producers in Turkey receive government support in terms of production inputs such as fuel, fertilizer and certified seed. Providing this support via producer unions would facilitate production planning.
Potatoes can be produced in almost every country in the world and they cannot be stored for long periods of time. Price fluctuations for potatoes can be stabilized by improvements in export opportunities.
